The roots of kudzu are often used in traditional Chinese medicine for the relief of diabetes symptoms, fever, vomiting, and non-specific intoxication.
In the present study, the DNA sequences of the internal transcribed spacer (ITS) region and 5S gene spacer were used to examine the relationship between P. lobata, P. thomsonii and P. Montana, and to characterize P. lobata and P. thomsonii for medical authentication. (Table 1) were collected from different locations in China. Vouchers were stored in the Institute of Chinese Medicine of the Chinese University of Hong Kong and the Herbarium of South China Botanical Garden (formerly South China Institute of Botany), The Chinese Academy of Sciences (IBSC).
MATERIALS AND METHODS

Plant Materials Samples
DNA Sequencing and Analysis Total DNA was isolated from samples using DNeasy ® Plant Mini Kit according to the instructions of the manufacturer. The ITS regions were amplified by using primers of N18L18 (5Ј-AAG TCG TAA  CAA GGT TTC-3Ј) and ITS4 (5Ј-TCC TCC GCT TAT TGA  TAT GC-3Ј) . The 5S rRNA gene spacers were amplified by using primers of S-1 (5Ј-GGA TCC GTG CTT GGG CGA GAG TAG TA-3Ј) and AS-1 (5Ј-GGA TCC TTA GTG CTG GTA TGA TCG CA-3Ј). Polymerase chain reaction (PCR), PCR product cloning, and DNA sequencing were carried out as described in our recent publication. 8) Different clones of each DNA region in every sample were sequenced. ITS sequences (Accession No.: AF338214-AF338217) of P. lobata (from Sichuan and Guizhou in China), P. thomsonii (Guangxi in China), and P. montana (Fujian in China) were retrieved from GenBank and analyzed together with the sequences acquired in the present study. Sequence analysis was performed with 'ClustalW' (http://www.ebi.ac.uk/clustalw/) and MEGA version 3.1 software. In the present study, we examined nuclear DNA sequences in an attempt to reveal the relationships between Pueraria lobata (WILLD.) OHWI, P. thomsonii BENTH., and P. montana (LOUR.) MERR. We found that internal transcribed spacer (ITS) sequences of nuclear ribosomal DNA are highly divergent in P. lobata and P. thomsonii, and four types of ITS with different length are found in the two species. On the other hand, DNA sequences of 5S rRNA gene spacer are highly conserved across multiple copies in P. lobata and P. thomsonii, they could be used to identify P. lobata, P. thomsonii, and P. montana of this complex, and may serve as a useful tool in medical authentication of Radix Puerariae Lobatae and Radix Puerariae Thomsonii. (Fig. 1) was constructed based on the Kimura 2-parameter distance.
10) It is found that P. lobata and P. thomsonii are closely related and nested in this phylogeny tree. This might be a result of the lower degree of concerted evolution across ITS multiple copies. Four putative types of ITS might be recognized base on this neighbor-joining tree (Fig. 1) . Type A ranged from 779 to 783 nt in length, type B 747 to 756 nt, type C 681 to 682 nt, and type D 760 to 761 nt in length. Pueraria lobata collected from Guangdong, Sichuan, and Guizhou provinces have ITS of type A, while P. lobata collected from Liaoning province have ITS of types B, C, and D.
Pueraria thomsonii collected from Guangxi province has ITS of type A, while P. thomsonii collected from Guangdong and Hong Kong have ITS of types C and D, respectively. Chromosome counts of P. lobata and P. thomsonii give 2nϭ22.
11)
Therefore, intra-individual polymorphism of ITS arrays of P. lobata and P. thomsonii may not be due to polyploidy. Other possible reasons may be recent interspecific hybridization and the existence of pseudogenes. 12, 13) Long deletions at 5.8S rDNA in some ITS clones of P. lobata and P. thomsonii were found in the present study, and this associated the intra-individual polymorphism of ITS arrays with pseudogenes. Indels in highly conserved regions of nrDNA sequences (e.g., 5.8S, 18S, or 26S) have been taken as indicators of potential pseudogenes. 13, 14) A matrix of 319 positions was obtained from multiple alignments of 5S rRNA gene spacer sequences. The 5S region varied from 279 to 316 nt in P. lobata, 268 to 271 nt in P. thomsonii, and 275-282 nt in P. montana. The similarities of the 5S sequences were 94-99% in P. lobata, 98-100% in P. thomsonii, and 97% in P. montana. A neighbor-joining tree (Fig. 2) was constructed based on the Kimura 2-parameter distance.
10) Pueraria lobata, P. thomsonii, and P. montana are distinguished by the 5S sequences. Pueraria thomsonii collected from Hong Kong and Guangdong are grouped as a clade. Pueraria lobata collected from Liaoning and Guangdong are clustered as a clade.
Both ITS and 5S rRNA gene spacers are tandem-arrayed at high-copy number in plants. In the present study, we found that 5S rRNA gene spacers have a higher degree of concerted evolution than ITS multiple copies in Pueraria. 5S rRNA gene spacers are more conserved across multiple copies and useful to identify P. lobata, P. thomsonii, and P. montana. 5S sequences may serve as a useful tool for identifying herbs of Radix Puerariae Lobatae and Radix Puerariae Thomsonii.
